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Description 



[CIRCUIT AND METHOD FOR 
MONITORING DEFECTS] 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of defect moni- 
toring; more specifically, it relates to a circuit and method 
for monitoring defects in integrated circuits. 

[0003] BACKGROUND OF THE INVENTION 

[0004] yield management in integrated circuit manufacturing is 
an ongoing concern and is especially important as new 
technologies, tools and processes are developed and in- 
troduced into manufacturing. As integrated circuits have 
become more complex, yield learning has become more 
difficult, especially since current in-line testing strategies, 
test structures and test circuits do not detect all yield loss 
mechanisms associated with more complex integrated cir- 
cuits. Therefore, there is a need for improved defect mon- 



itoring circuits, defect monitoring strategies and defect 
monitoring circuits for detecting yield loss mechanisms. 
Summary of Invention 

[0005] a first aspect of the present invention is a circuit for mon- 
itoring defects in an integrated circuit, comprising: a de- 
fect monitor comprising a nominally continuous conduc- 
tor having a length and a multiplicity of conductor seg- 
ments, each conductor segment having a length, at least a 
portion of the length of each conductor segment adjacent 
to a portion of the length of the nominally continuous 
conductor; a first set of sense elements coupled to the 
nominally continuous conductor at locations along the 
length of the nominally continuous conductor located be- 
tween conductor segments ; a second set sense elements 
coupled to corresponding conductor segments of multi- 
plicity of conductor segments; and gates responsive to a 
control signal on select inputs of the gates to serially and 
electrically connect the conductor segments into a nomi- 
nally electrically continuous conductive path based on a 
first logical value of the control signal and to electrically 
disconnect the conductor segments from one another 
based on a second logical value of the control signal. 

[0006] a second aspect of the present invention is a method for 



monitoring defects in an integrated circuit, comprising: 
providing a defect monitor comprising a nominally con- 
tinuous conductor having a length and a multiplicity of 
conductor segments, each conductor segment having a 
length, at least a portion of the length of each conductor 
segment adjacent to a portion of the length of the nomi- 
nally continuous conductor; providing a first set of sense 
elements; coupling the first set of sense elements to the 
nominally continuous conductor at locations along the 
length of the nominally continuous conductor located be- 
tween conductor segments; providing a second set sense 
elements; coupling the second set sense elements to cor- 
responding conductor segments of multiplicity of conduc- 
tor segments; and providing gates responsive to a control 
signal on select inputs of the gates to serially and electri- 
cally connect the conductor segments into a nominally 
electrically continuous conductive path based on a first 
logical value of the control signal and to electrically dis- 
connect the conductor segments from one another based 
on a second logical value of the control signal. 
[0007] a third aspect of the present invention is a circuit for 

monitoring defects in an integrated circuit chip, compris- 
ing: a scan chain comprising a scan input, a multiplicity of 



latches coupled in series from a first latch to a last latch 
and a scan output; a multiplicity of electrically conductive 
defect monitor structures, each defect monitor structure 
coupled between different adjacent latches of the scan 
chain, an input of each defect monitor structure coupled 
to an output of a previous latch of the scan chain and an 
output of each defect monitor structure coupled to an in- 
put of an immediately subsequent latch of the scan chain; 
and the scan input coupled to an input of the first latch in 
the scan chain and the scan output coupled to an output 
of the last latch in the scan chain. 
[0008] a fourth aspect of the present invention is a method for 
monitoring defects in an integrated circuit chip, compris- 
ing: providing a scan chain comprising a scan input, a 
multiplicity of latches coupled in series from a first latch 
to a last latch and a scan output; providing a multiplicity 
of electrically conductive defect monitor structures, each 
defect monitor structure coupled between different adja- 
cent latches of the scan chain, an input of each defect 
monitor structure coupled to an output of a previous latch 
of the scan chain and an output of each defect monitor 
structure coupled to an input of an immediately subse- 
quent latch of the scan chain; and the scan input coupled 



to an input of the first latch in the scan chain and the scan 
output coupled to an output of the last latch in the scan 
chain. 

Brief Description of Drawings 

[0009] The features of the invention are set forth in the ap- 
pended claims. The invention itself, however, will be best 
understood by reference to the following detailed descrip- 
tion of an illustrative embodiment when read in conjunc- 
tion with the accompanying drawings, wherein: 

[0010] FIG. 1 is a first exemplary circuit for monitoring defects 
according to a first embodiment of the present invention; 

[001 1] FIG. 2 is a schematic diagram of an exemplary transmis- 
sion gate; 

[0012] FIG. 3 is a second exemplary circuit for monitoring defects 
according to a first embodiment of the present invention; 

[0013] FIG. 4 is a third exemplary circuit for monitoring defects 
according to a first embodiment of the present invention; 

[0014] FIG. 5 is a first exemplary circuit for monitoring defects 
according to a second embodiment of the present inven- 
tion; 

[0015] FIG. 6 is a second exemplary circuit for monitoring defects 
according to the second embodiment of the present in- 
vention; 



[0016] FIG. 7A is a first exemplary circuit for implementing a de- 
signed experiment according to the present invention; 

[0017] FIG. 7B is a schematic circuit diagram illustrating the cir- 
cuits of the scan chains of FIG. 7A; 

[0018] FIG. 8A is a second exemplary circuit for implementing a 
designed experiment according to the present invention; 

[0019] FIG. 8B is a schematic circuit diagram illustrating the cir- 
cuits of the scan chains of FIG. 8A; 

[0020] FIG. 9A is a schematic first exemplary layout of a shorts/ 
open monitor structure according to the present inven- 
tion; 

[0021] FIG. 9B is a schematic second exemplary layout of a 

shorts/open monitor structure according to the present 
invention; 

[0022] FIG. 10 is a cross-sectional of an exemplary via chain ac- 
cording to the present invention; 

[0023] FIG. 11 is a plan view of the front-end-of -line levels of 
an integrated circuit chip illustrating a first method of in- 
tegrating the present invention into an integrated circuit 
chip; 

[0024] FIG. 12 is a plan view of the front-end-of -line levels of 
an integrated circuit chip illustrating a second method of 
integrating the present invention into an integrated cir- 



cuit; and 

[0025] FIG. 13 is a plan view of the back-end-of-line levels of an 
integrated circuit chip illustrating a method of integrating 
the present invention into an integrated circuit chip. 
Detailed Description 

[0026] unless otherwise noted all signals, whether data signals, 
clock signals, control signals, select signals or other types 
of signals are digital signals switched between a high 
value (a logical one) and a low value (a logical zero). The 
term "coupled" is defined as connected but allowing 
(though not requiring) an intervening element between 
the elements coupled. The term "functional circuit" means 
a circuit that is fabricated on an integrated circuit chip to 
perform a task required in normal operational mode of the 
integrated circuit chip. The state of a latch is determined 
by whether the latch is storing a logical one or a logical 
zero. A latch is an example of a sense element. Another 
example of a sense element is a sense amplifier on the in- 
put of a latch. A scan chain is a set of latches connected in 
series, the output of a previous latch in the series coupled 
to the input of an immediately subsequent latch in the se- 
ries. 

[0027] FIG. 1 is a first exemplary circuit for monitoring defects 



according to a first embodiment of the present invention. 
The circuit illustrated in FIG. 1 monitors defects that can 
cause opens or shorts between conductive power and/or 
signal wires of an integrated circuit. These wires may be 
metal wires contained in inter-level dielectric layers fabri- 
cated during back-end-of-line (BEOL) processes or wires 
fabricated during front-end-of-line (FEOL) processing, 
such as polysilicon wires often used as the gates and gate 
interconnection wires of field-effect transistors (FETs). 
[0028] | n FIG. 1, a defect monitor circuit 100 includes a scan 

chain made up of a first setup latch 105, a second setup 
latch 110, a third setup latch 115, a set of first net latches 
120, a set of second net latches 125 a next to last latch 
200 and a last latch 205. Latches 105, 110, 115, 120 and 
125 are illustrated in FIG. 1 (and FIGs. 3 and 4) as L1/L2 
latches, but many other latch types that are well known in 
the art may be substituted for L1/L2 latches. L1/L2 
latches were chosen in order to allow a detailed explana- 
tion of how defect monitor circuit 100 operates. Each of 
latches 105, 110, 115, 120, 125, 200 and 205 have an in- 
put port (I), a data port (D) and an output port (O). In ad- 
dition each of latches 105, 110, 115, 120, 125, 200 and 
205 have three clock ports, A, B and C not illustrated. A 



CLK A signal on a latch's A port allows a signal at the in- 
put port to be latched by the LI portion of the latch. The 
CLK A signal is known as the scan clock. A CLK B signal on 
a latch's B port allows data to be shifted from the LI por- 
tion to the L2 portion of the latch. The CLK B signal is 
known as the shift clock. A CLK C signal on a latch's C 
port allows a signal at a latch's data port to be latched by 
the LI portion of the latch. The CLK C signal is known as 
the data clock. 

[0029] Latches 105, 110 and 115 are coupled in series into a first 
scan chain segment 135. The input port of first setup 
latch 105 is coupled to a scan in pin 140. The output port 
of first setup latch 105 is connected to a first end 145 of a 
nominally continuous conductor 150, the input port of 
second setup latch 110 and coupled to ground through a 
diode 155. Nominally continuous conductor 150 is so 
called because it is designed to be continuous but may 
actually be broken in one or more places by defects. The 
output port of second setup latch 110 is connected to a 
first end 160 of the first segment of a set of sequential 
conductor segments 165, the input port of third setup 
latch 115 and coupled to ground through a diode 170. 
The output port of third setup latch 115 is connected to 



the input port of the initial latch (which is a first net latch 
120) in a second scan chain segment 175 and the switch 
(S) input of each of transmission gates 180. 

[0030] The defect monitor structure of defect monitor circuit 100 
is made up of nominally continuous conductor 150 and 
conductor segments 165 that may be thought of as a sec- 
ond nominally continuous conductor running parallel to 
and adjacent to nominally continuous conductor 150 for a 
portion of the length of continuous conductor 150 and 
that has been broken at several points to create multiple 
conductor segments 165. Examples of physical layouts of 
nominally continuous conductor 150 and conductor seg- 
ments are illustrated in FIGs. 9A and 9B and described in- 
fra. Each transmission gate 180 is connected between 
second ends 185 and first ends 160 of different and im- 
mediately following conductor segments 165. Thus trans- 
mission gates can connect all conductor segments 160 
into a electrically, but not physically, nominally continu- 
ous conductor for open testing and leave each conductor 
segment 165 electrically isolated from each other for 
shorts testing as described infra. 

[0031] Second scan chain segment 175 comprises first net 

latches 120 and second net latches 125 coupled in series 



in alternating sequence, the initial latch in second scan 
chain segment 175 being a first net latch 120 and the last 
latch in second scan chain segment 175 being a second 
net latch 125. The output port of each first net latch 120 
is connected to the input port of an immediately following 
second net latch 125. The output port of each second net 
latch 125 is connected to the input port of an immediately 
following first net latch 120. The data port of each second 
net latch 125 is connected to first end 160 of a corre- 
sponding and different conductor segment 165 and also 
coupled to ground through a diode 190. In one example 
diode 190 is a floating gate diode. The data port of each 
first net latch 120 is connected to a point on nominally 
continuous conductor 150. The exact connection point is 
determined by the position of the first net latch 120 in 
second scan chain segment 175. The data port of the ini- 
tial first net latch 120 is connected to first end 145 of 
nominally continuous conductors 150. Data ports of sub- 
sequent first net latches 120 are electrically connected to 
nominally continuous conductor 150 at points physically 
located between adjacent conductor segments 165. 
[0032] a third scan chain segment 195 includes next to last latch 
200 and last latch 205. The input port of next to last latch 



200 is coupled to the output port of the last second net 
latch 125 of second scan chain segment 175. The data 
port of next to last latch 200 is connected to second end 
185 of the last segment of the set of sequential conductor 
segments 165 and coupled to ground through a diode 
210. The output port of next to last latch 200 is coupled 
to the input port of last latch 205. The data port of last 
latch 205 is connected to a second end 215 of nominally 
continuous conductor 150 and coupled to ground through 
a diode 220. The output port of last latch 205 is coupled 
to a scan out pin 225. 
[0033] Diodes 190, 210 and 225 may be replaced by devices 
such as transistors, pass gates, transmission gates or 
other switching devices or combinations thereof as long 
as the latch coupled to the device can overdrive the de- 
vice. 

[0034] Defect monitor circuit 100 further includes an optional 
clock disconnect circuit 230 which will couple the clock 
inputs of latches 105, 110, 115, 120, 125, 200 and 205 
to the off states of the A CLK, B CLK and C CLK signals. 
Normally the off state of the A CLK, B CLK and C CLK sig- 
nals is low which may or may not be circuit or chip 
ground. The off state of the A CLK, B CLK and C CLK sig- 



nals may or may not be the same in either magnitude or 
polarity. 

[0035] The combination of alternating first net latches 120 being 
connected to points on nominally continuous conductor 
150 physically located on different sides of conductor 
segments 165 and alternating second net latches 125 be- 
ing connected to different conductor segments imparts a 
granularity to the data scanned out of the scan chain 
comprised of first, second and third scan chain segments 
135, 175 and 195. This granularity allows determination 
of the location of defect causing a short or open to the 
physical area around a single conductor segment and thus 
makes the task of failure analysis much easier. 

[0036] while a polarity of VDD high and ground low has be as- 
sumed in the description of defect monitor circuit 100, 
the polarity may be reversed with VSS low and ground 
high. It should be noted that second net latches 125 are 
always coupled to conductor segments 165 and first net 
latches 130 are always coupled to nominally continuous 
conductive line 150. Since first setup latch 105 and last 
latch 205 are coupled to nominally continuous conductive 
line 150, first net latches 120, first setup latch 105 and 
last latch 205 may be considered to belong to a first set of 



latches. Since second setup latch 110 and next to last 
latch 200 are coupled to nominally continuous conductive 
line 150, second net latches 125, second setup latch 110 
and next to last latch 210 may be considered to belong to 
a second set of latches. 
[0037] FIG. 2 is a schematic diagram of transmission gate 180 of 
FIG. 1. In FIG. 2 the sources/drains of a PFETT1 and of an 
NFETT2 are connected to an input pin 235 and second 
source/drains of PFETT1 and NFETT2 are connected to 
an output pin 240. The gate of NFET 12 is connected to a 
switch pin 245 and to an input of an inverter II. The out- 
put of inverter II is coupled to the gate of PFET Tl. Trans- 
mission gates are used in the present invention since 
transmission gates will pass all of the voltage level of sig- 
nal applied to input pin 235 without dropping the voltage 
level by V (threshold voltage) when passing a logical 0 
through a PFET or a logical 1 through an NFET. Though 
pass gates may be substituted, they would not be as effi- 
cient and the latch would be more prone to not latching 
small voltage level shifts caused by high resistance shorts 
or opens. 

[0038] FIG. 3 is a second exemplary circuit for monitoring defects 
according to a first embodiment of the present invention. 



In FIG. 3, a defect monitor circuit 250 is similar to defect 
monitor circuit 100 of FIG. 1, except for three differences. 
The first difference is third setup latch 115 (see FIG. 1) is 
replaced by a select signal input pin SELECT. Note, this 
change may be made to defect monitor circuit 100 of FIG. 
1 and defect monitor circuit 260 of FIG. 4 (described infra) 
as well. Thus, the output of second setup latch is con- 
nected to the input port of the first latch of the set of first 
net latches 120. The second difference is diodes 155 and 
170 of FIG. 1 are removed and diode 190 of FIG. 1 is re- 
placed by connections to the source of a pre-charge NFET 
T4 whose drain is connected to ground and whose gate is 
connected to the output of an AND gate Nl. A first input 
of AND gate Nl is connected to a CLK A signal, a second 
input of AND gate Nl is connected to a SELECT NOT pin 
and a third input of AND gate Nl is connected to CTRL. 
That is, the data ports of second net latches 125 are con- 
nected to the source of NFETT4. The third difference is 
diode 2 10 of FIG. 1 is replaced by an NFET T5 and diode 
220 of FIG. 1 is replaced by an NFET T6. The source of 
NFET T5 is connected to the data port of next to last latch 
200 (and thus also to second end 185 of the last conduc- 
tor segment 165). The source of NFETT6 is connected to 



the data port of last latch 205 (and thus also to second 
end 215 of nominally continuous conductor 150). The 
drains of NFETs T5 and T6 are connected to ground and 
the gates of NFETs T5 and T6 are connected to the output 
of an AND gate N2. A first input of AND gate N2 is con- 
nected to a SELECT pin and a second input of AND gate 
N2 is connected to CTRL. 
[0039] For shorts testing, SELECT is set to logical 0 and for opens 
testing SELECT is set to logical 1. AND gates Nl and N2 
ensure that all current paths are disabled when defect 
monitor circuit 260 is off. In shorts testing, whenever 
there is a logical 1 on the gate of NFET T4, each conductor 
segment 165 will be precharged low through NFETT4 to 
ground. 

[0040] FIG. 4 is a third exemplary circuit for monitoring defects 
according to a first embodiment of the present invention. 
In FIG. 4, a third defect monitor circuit 260 provides for 
inclusion of the scan chain comprised of latches 105, 110, 
115, 120, 125, 200, and 205 to be incorporated into a 
larger scan chain that may be used for other functions 
such as combinational logic testing in order to save chip 
pin count , tester channels, etc. In a first example, the 
larger scan chain may be a scan chain designed for com- 



binational logic diagnosis, examples of which are well 
known in the art. In a second example, the larger scan 
chain may be one or more defect monitor circuits 100 
and/or 250. 

[0041] Defect monitor circuit 260 is similar to defect monitor cir- 
cuit 100 of FIG. 1, except for three differences. First, de- 
multiplexer 265 has been inserted into the path between 
a first segment 270A of a larger scan chain and the scan 
chain comprising latches 105, 110, 115, 120, 125, 200, 
225, and a multiplexer 275 has been inserted between the 
scan chain comprising latches 105, 110, 115, 120, 125, 
200 and 225 and a second segment 270B of the larger 
scan chain. The input of a last latch of first portion 270A 
of the larger scan chain is connected to the input of de- 
multiplexer 270A. A first output of de-multiplexer 265 is 
connected to the input port of first setup latch 105 and 
second output of de-multiplexer 270A is connected to a 
second input of multiplexer 275. The output port of last 
latch 205 is connected to a first input of multiplexer 275 
and the output of multiplexer 275 is connected to the in- 
put port of the first latch of second segment 270B of the 
larger scan chain. Second, scan in pin 140 is connected to 
the input port of the first latch of first portion 270A of 



larger scan chain and scan out pin 225 is connected to the 
output port of the last latch of second portion 270B of the 
larger scan chain. If there is no first portion 270A then 
scan in pin 140 is connected to the input of de- 
multiplexer 265. If there is no second portion 270B then 
scan out pin 225 is connected to the output of multiplexer 
275. Third, either a modified optional clock disconnect 
circuit 230A adapted to generate a SELECT signal is in- 
cluded (illustrated in FIG. 4) or a SELECT signal is provided 
from another circuit or pin (not illustrated in FIG. 4). The 
select or switch inputs of de-multiplexer 265 and multi- 
plexer 275 are connected to the SELECT signal. 
[0042] a fourth exemplary circuit for monitoring defects accord- 
ing to a first embodiment of the present invention substi- 
tutes defect monitor circuit 250 for defect monitor circuit 
100 in the description of defect monitoring circuit 260 
supra, using a precharge scheme instead of floating gate 
diodes. 

[0043] There are three modes of operation for defect monitor 
circuits 100, 250 and 260. In the first or standby mode 
defect monitor circuit 100, 250 or 260 is placed in a state 
where no measurement is being made. In the second or 
shorts testing mode, defect monitor circuit 100, 250 or 



260 is first placed in a state where shorts testing can be 
performed and then the actual shorts test data is col- 
lected. In the third or opens testing mode, defect monitor 
circuit 100, 250 or 260 is first placed in a state where 
opens testing can be performed and then the actual opens 
test data is collected. 

[0044] | n standby mode the steps are as follows (reference 

should be made to FIGs. 1, 3 or 4): (1) Scan in logical 0 
into all latches 105, 110, 115, 120, 125, 200 and 205. 
This also turns transmission gates 180 off. (2) Optionally 
disconnect the clock inputs of 105, 110, 115, 120, 125, 
200 and 205 and tie the clock inputs of 105, 110, 115, 
120, 125, 200 and 205 to the respective low state of each 
clock signal. (3) In the case of defect monitor circuit 260, 
bypass the portion of the larger scan chain comprised of 
latches 105, 110, 115, 120, 125, 200 and 205 by applica- 
tion of the SELECT signal to de-multiplexer 265 and mul- 
tiplexer 275 (see FIG. 4). 

[0045] | n the second or shorts testing mode the steps are as fol- 
lows (reference should be made to FIGs. 1, 3 or 4: (1) In 
the case of defect monitor circuit 260, reconnect the por- 
tion of the scan chain comprised of latches 105, 110, 115, 
120, 125, 200 and 205 to the larger scan chain by appli- 



cation of the SELECT signal to de-multiplexer 265 and 
multiplexer 275 (see FIG. 4). (2) Scan in a logical 1 into 
latch 105, logical 0s into latches 105, 115, 120, 125, 200 
and 205 and a logical 1 on latch 110. This is accom- 
plished by alternating A CLK and B CLK pulses. A logical 1 
on first setup latch 105 brings nominally continuous con- 
ductor 150 high (for example, to VDD). A logical 0 on sec- 
ond setup latch 110 and on third setup latch 115 by turn- 
ing off transmission gates 180, allows all conductor seg- 
ments 165 to initially float since the data input of a sec- 
ond net latches 125 has a high enough resistance to be 
considered an open. However, diodes 190 will couple all 
conductor segments 165 to ground. (3) An amount of 
time is allowed to pass in order for the latch states to sta- 
bilize. (4) The C CKL is pulsed in order to capture the log- 
ical state of nominally continuous conductor 150 and each 
conductor segment 165. First net latches 120 capture the 
logical state of nominally continuous conductor 150 are 
various points along it length and second net latches 125 
capture the logical state of each conductor segment 165. 
(5) The B CLK is pulsed to scan out the data captured by 
first net latches 120 and second net latches 125. Whether 
or not there are any shorts between nominally continuous 



conductor 150 and any conductor segment 165, all first 
net latches 120 will contain a logical 1. If there are no 
shorts between nominally continuous conductor 150 and 
conductor segments 165, all second net latches 125 will 
contain a logical 0. If there are shorts between nominally 
continuous conductor 150 and any conductor segment 
165, those second net latches 125 connected to a con- 
ductor segment 165 shorted to nominally continuous 
conductor 150 will contain a logical 1 since diodes 190 
are not sufficient to pull conductor segments 165 to 
ground when sourced from latch 105 and those second 
net latches 125 connected to a conductor segment 165 
not shorted to nominally continuous conductor segment 
150 will contain a logical 0. 
[0046] | n the third or opens testing mode the steps are as follows 
(reference should be made to FICs. 1, 3 or 4: (1) In the 
case of defect monitor circuit 260, reconnect the portion 
of the scan chain comprised of latches 105, 110, 115, 
120, 125, 200 and 205 to the larger scan chain by appli- 
cation of the SELECT signal to de-multiplexer 265 and 
multiplexer 275 (see FIG. 4). (2) Scan in logical 1 on 
latches 105, 110 and 115 and a logical 0 on latches 120, 
125 200 and 205. This is accomplished by alternating A 



CLK and B CLK pulses. A logical 1 on third setup latch 115 
turns on transmission gates 180 electrically connecting all 
conductor segments 165. A logical 1 on first setup latch 
105 brings nominally continuous conductor 150 high (for 
example, to VDD) and a logical 1 on second setup latch 
110 brings all conductor segments high (for example, to 
VDD. (3) An amount of time is allowed to pass in order for 
the latch states to stabilize. (4) The C CKL is pulsed in or- 
der to capture the logical state of nominally continuous 
conductor 150 and each conductor segment 165. First net 
latches 120 capture the logical state of nominally continu- 
ous conductor 150 are various points along it length and 
second net latches 125 capture the logical state of each 
end 160 of each nominally and serially connected conduc- 
tor segments 165. (5) Scan clocks are pulsed to scan out 
the data captured by first net latches 120 and second net 
latches 125. If there are no opens in nominally continuous 
conductor 150 or the nominally continuous path through 
conductor segments 165, all first net latches 120 will 
contain a logical 1 and all second net latches 125 will 
contain a logical 1. If there are opens in nominally contin- 
uous conductor 150 all first net latches 120 downstream 
of the open will contain a logical 0. If there are opens in a 



particular conductor segment 165, second net latches 125 
whose data ports are connected to those conductor seg- 
ments 165 downstream of the open conductor segment 
will contain a logical 0. 
[0047] | t should be noted that opens testing of just nominally 

continuous conductor 150 can be performed by placing a 
logical 1 in first setup latch 105, a logical 0 in second 
setup latch 110 and a logical 1 in third setup latch 115 
and opens testing of just the nominally continuous path 
through conductor segments 165 can be performed by 
placing a logical 0 in first setup latch 105, a logical 1 in 
second setup latch 110 and a logical 1 in third setup latch 
115. 

[0048] FIG. 5 is a first exemplary circuit for monitoring defects 
according to a second embodiment of the present inven- 
tion. In FIG. 5, a defect monitor circuit 300 includes a scan 
in pin 305, a scan out pin 310, a multiplicity of XOR gates 
315, a multiplicity of latches 320 and a multiplicity of via 
chains 325. XOR gates 315 and latches 320 are coupled in 
series, one latch 320 alternating with one XOR gate 315 
starting with an XOR gate and ending with a latch. A first 
input of the first XOR gate 315 is connected to scan in pin 
305. The output of each XOR gate 315 is connected to the 



input port of an immediately following latch 320. The out- 
put port of each latch 320 is coupled to the first input of 
an immediately following XOR gate through a via chain 
325. The output of the last latch 320 is connected to scan 
out pin 310. A second input of each XOR gate 315 is con- 
nected to a detect/diagnose (DET/DIAG) signal. An open 
via in any via chain 325 will generate a stuck at 0 fault as- 
suming VDD is high and ground is low. 
[0049] Defect monitor circuit 300 is a first example of a class of 
scan chain circuits that are diagnosable scan chains. A di- 
agnosable scan chain is defined as a scan chain comprised 
of latches and additional circuit elements interconnected 
to allow the determination of the latch or latches at which 
stuck at faults have occurred. The determination of the 
failing latch may utilize input of predetermined bit pat- 
terns, analysis of resultant output bit patterns or both. 
The input bit patterns may be a function of the output bit 
pattern at any or at periodic clock cycles during the test 
and/or diagnosis phase of operation. The length (number 
of clock cycles) of testing overall or of any sub division of 
the testing may be a function of the output bit pattern as 
well. 

[0050] The operation of the defect monitor circuit 300 is com- 



plex and includes detection of fault phases and diagnosis 
phases. The operation of defect monitor circuit is de- 
scribed in detail in Samantha Edirisooriya's, "Diagnosis of 
Scan Path Failures", IEEE 250, 255 (1995), which is hereby 
incorporated in its entirety by reference. 
[0051] FIG. 6 is a second exemplary circuit for monitoring defects 
according to the second embodiment of the present in- 
vention. In FIG. 5, a defect monitor circuit 330 includes a 
scan in pin 335, a scan out pin 340, a multiplicity of XOR 
gates 345, a multiplicity of latches 350 and a multiplicity 
of via chains 325. XOR gates 345 and latches 350 are 
coupled in series, one latch 350 alternating with one XOR 
gate 345 starting with an latch and ending with a latch. 
The input port of the first latch 350 is connected to scan 
in pin 335. The output of each XOR gate 345 is connected 
to the input port of an immediately following latch. The 
output port of each latch 350 is coupled to the first input 
of an immediately following XOR gate 345 through a via 
chain 325. The output of the last latch 350 is connected 
to scan out pin 340. A second input of each XOR gate 345 
is connected to the input of the immediately previous XOR 
gate 345 except the first XOR gate 345 is connected to 
scan in pin 335. An open via in any via chain 325 will gen- 



erate a stuck at 0 fault assuming VDD is high and ground 
is low. 

[0052] Defect monitor circuit 330 is a second example of the 
class of scan chain circuits that are diagnosable scan 
chains. The operation of the defect monitor circuit 330 is 
complex and includes use of a fault dictionary. The opera- 
tion of defect monitor circuit is described in detail in Gee- 
tani Edirisooriya's, "can Chain Fault Diagnosis with Fault 
Dictionaries," IEEE 1912, 1915 (1995), which is hereby in- 
corporated in its entirety by reference. 

[0053] For both defect monitor circuit 300 of FIG. 5 and defect 
monitor circuit 330 of FIG. 6, an example of a via chain 
structure is illustrated in FIG. 10 and described infra. The 
overall area of vias in all chains must be large enough en- 
sure detection of defects at predetermined sizes and den- 
sities. The number chains must be large enough to give a 
required granularity of location but not so large as to take 
up extensive real-estate on a chip or require large 
amounts of time for testing and analysis to determine 
fault locations. 

[0054] Note, each via chain may be identical or may be different, 
incorporating different via sizes, interconnect wire thick- 
nesses and widths and materials. Further, via chains in- 



serted in the scan chain path between latches of the scan 
chain should be considered exemplary and other defect 
monitor structures may be inserted in place of via chains. 
[0055] Defect monitor circuits 300 and 330 may be used to im- 
plement designed experiments. A designed experiment is 
defined as an experiment wherein integrated circuit pro- 
cess parameters, design parameters, performance param- 
eter or combinations thereof (called treatments) are 
tested. An example of a three factor design experiment is 
illustrated in TABLE I, where the first factor is the usage of 
a first metal (Ml) interconnect level length of wiring in a 
circuit, the second factor is the usage of a second metal 
(M2) interconnect level length of wiring in the circuit and 
the third factor is the type of latch used in the circuit. 

[0056] 

TABLE I 



Treatment 


Ml Length 


M2 Length 


Latch Type 


1 


below average 


below average 


A 


2 


below average 


below average 


B 


3 


below average 


above average 


A 


4 


below average 


above average 


B 


5 


above average 


below average 


A 


6 


above average 


below average 


B 


7 


above average 


above average 


A 


8 


above average 


above average 


B 


9 


average 


average 


A&B 


10 


average 


average 


A&B 


11 


average 


average 


A&B 



[0057] Table I illustrates a "full factorial" design wherein the first 
eight treatments are "biased" treatment combinations and 
the last three treatments are "nominal" treatments. Other 
types of experimental designs such as fractional factorial, 
three-level factorial (3k) and mixed level factorial may be 
employed and any number of factors may be checked. 

[0058] FIG. 7 A is a first exemplary circuit for implementing a de- 
signed experiment according to the present invention. In 
FIG. 7A, a test circuit 400 includes a first scan chain 405A, 
a second scan chain 405B and additional scan chains 
through a last scan chain 405N. A first input of a first XOR 
gate 410A is connected to a scan in pin 415 and the out- 
put of first XOR gate 410A is connected to first scan chain 
405A. A first input of a second XOR gate 410B is con- 
nected to first scan chain 410A and the output of second 
XOR gate 410B is connected to second scan chain 405B. 
Additional XOR gates are similarly connected between ad- 
ditional scan chains until a last XOR gate 410N is con- 
nected to last scan chain 405N. Last scan chain 410N is 
connected to a scan out pin 420. A DET/DIAG signal is 
connected to a second input of each XOR gate 410A 
through 410N and each scan chain 405A through 405N. In 
the example of TABLE I, there would be one scan chain for 



each treatment combination, or eleven scan chains. 
[0059] FIG. 7B is a schematic circuit diagram illustrating the cir- 
cuits of the scan chains of FIG. 7A. In FIG. 7B, first scan 
chain 405A includes a multiplicity of XOR gates 425A, a 
multiplicity of latches 430A and a multiplicity of design 
treatment circuits 43 5A. XOR gates 42 5A and latches 
430A are coupled in series, one latch 430A alternating 
with one XOR gate 42 5A starting with a latch and ending 
with a latch. A first input of the first XOR gate 425A is 
connected to the output port of the first latch 430A. The 
output of each XOR gate 425A is connected to the input 
port of an immediately following latch 430A. The output 
port of each latch 430A of coupled to the first input of an 
immediately following XOR gate through design treatment 
circuit 435A. In the Example of TABLE 1, design treatment 
circuits 435A would correspond to treatment 1 and in- 
clude a circuit comprising below a average length of Ml, a 
below average length of M2 and type A latches. There are 
KA design treatment circuits 435A, the number chosen to 
ensure a high enough probability of fail for the experi- 
mental design experiment implemented to be meaningful. 
A second input of each XOR gate 425A is connected to the 
DET/DIAG signal. 



[0060] | n FIG. 7B, second scan chain 405B includes a multiplicity 
of XOR gates 42 5B, a multiplicity of latches 430B and a 
multiplicity of design treatment circuits 435B. XOR gates 
425B and latches 430B are coupled in series, one latch 
430B alternating with one XOR gate 425B starting with a 
latch and ending with a latch. A first input of the first XOR 
gate 425B is connected to the output port of the first latch 
430B. The output of each XOR gate 425B is connected to 
the input port of an immediately following latch 430B. The 
output port of each latch 430B of coupled to the first in- 
put of an immediately following XOR gate through design 
treatment circuit 435B. In the Example of TABLE 1, design 
treatment circuits 435B would correspond to treatment 2 
and include a circuit comprising a below average length of 
Ml, a below average length of M2 and type B latches. 
There are KB design treatment circuits 435B, the number 
chosen to ensure a high enough probability of fail for the 
experimental design experiment implemented to be 
meaningful. A second input of each XOR gate 425B is 
connected to the DET/DIAC signal. 

[0061] | n FIG. 7B, last scan chain 405N includes a multiplicity of 
XOR gates 425N, a multiplicity of latches 430N and a mul- 
tiplicity of design treatment circuits 435N. XOR gates 



425N and latches 430N are coupled in series, one latch 
430N alternating with one XOR gate 425N starting with a 
latch and ending with a latch. A first input of the first XOR 
gate 425N is connected to the output port of the first 
latch 430N. The output of each XOR gate 425N is con- 
nected to the input port of an immediately following latch 
430N. The output port of each latch 430N of coupled to 
the first input of an immediately following XOR gate 
through design treatment circuit 435N. In the Example of 
TABLE 1, design treatment circuits 435N would corre- 
spond to treatment 11 and include a circuit comprising an 
average length of Ml, an average length of M2 and type A 
and type B latches. There are KN design treatment circuits 
435N, the number chosen to ensure a high enough prob- 
ability of fail for the experimental design experiment im- 
plemented to be meaningful. A second input of each XOR 
gate 425N is connected to the DET/DIAC signal. 
[0062] Returning to FIG. 7A, the operation of test circuit 400 is 

the same as the operation of defect monitor circuit 300 il- 
lustrated in FIG, 5 and described supra. The results from 
test circuit 400 provide the independent yields of each of 
the treatment combinations of the designed experiment. 
Commonly known statistical methods can be applied to 



these data to determine which of the factors under exami- 
nation cause yield loss. 
[0063] FIG. 8A is a second exemplary circuit for implementing a 
designed experiment according to the present invention. 
In FIG. 8A, a test circuit 450 includes a first scan chain 
455A, a second scan chain 455B and additional scan 
chains through a last scan chain 455N coupled together in 
series. A scan in pin 465 is connected to first scan chain 
455A. Last scan chain 455N is connected to a scan out pin 
470. In the example of TABLE I, there would be one scan 
chain for each treatment combination, or eleven scan 
chains. 

[0064] FIG. 8B is a schematic circuit diagram illustrating the cir- 
cuits of the sets of scan chains of FIG. 8A. In FIG. 8B, first 
scan chain 455A includes a multiplicity of XOR gates 
475A, a multiplicity of latches 480A and a multiplicity of 
design treatment circuits 485A. XOR gates 475A and 
latches 480A are coupled in series, one latch 480A alter- 
nating with one XOR gate 475A starting with a latch and 
ending with a latch. The output of each XOR gate 475A is 
connected to the input port of an immediately following 
latch. The output port of each latch 480A is coupled to 
the first input of an immediately following XOR gate 475A 



through a design treatment circuit 485A. A second input 
of each XOR gate 475A is connected to the input of the 
immediately previous XOR gate 475A. In the Example of 
TABLE 1, design treatment circuits 435A would corre- 
spond to treatment 1 and include a circuit comprising a 
below average length of Ml, a below average length of M2 
and type A latches. There are KN design treatment circuits 
485A, the number chosen to ensure a high enough prob- 
ability of fail for the experimental design experiment im- 
plemented to be meaningful. 
[0065] | n FIG. 8B, second scan chain 455B includes a multiplicity 
of XOR gates 475B, a multiplicity of latches 480B and a 
multiplicity of design treatment circuits 485B. XOR gates 
475B and latches 480B are coupled in series, one latch 
480B alternating with one XOR gate 475B starting with a 
latch and ending with a latch. The output of each XOR 
gate 475B is connected to the input port of an immedi- 
ately following latch. The output port of each latch 480B is 
coupled to the first input of an immediately following XOR 
gate 475B through a design treatment circuit 485B. A sec- 
ond input of each XOR gate 475B is connected to the in- 
put of the immediately previous XOR gate 475B. In the Ex- 
ample of TABLE 1, design treatment circuits 435B would 



correspond to treatment 1 and include a circuit compris- 
ing a below average length of Ml, a below average length 
of M2 and type B latches. There are KB design treatment 
circuits 485B, the number chosen to ensure a high enough 
probability of fail for the experimental design experiment 
implemented to be meaningful. 
[0066] | n FIG. 8B, last scan chain 455N includes a multiplicity of 
XOR gates 475N, a multiplicity of latches 480N and a mul- 
tiplicity of design treatment circuits 485N. XOR gates 
475N and latches 480N are coupled in series, one latch 
480N alternating with one XOR gate 475N starting with a 
latch and ending with a latch. The output of each XOR 
gate 475N is connected to the input port of an immedi- 
ately following latch. The output port of each latch 480N 
is coupled to the first input of an immediately following 
XOR gate 475N through a design treatment circuit 485N. 
A second input of each XOR gate 475N is connected to the 
input of the immediately previous XOR gate 475N. In the 
Example of TABLE 1, design treatment circuits 435N 
would correspond to treatment 1 and include a circuit 
comprising a below average length of Ml, a below average 
length of M2 and type N latches. There are KN design 
treatment circuits 485N, the number chosen to ensure a 



high enough probability of fail for the experimental de- 
sign experiment implemented to be meaningful. 

[0067] Returning to FIG. 8A, the operation of test circuit 450 is 

the same as the operation of defect monitor circuit 330 il- 
lustrated in FIG, 6 and described supra. The results from 
test circuit 450 provide the independent yields of each of 
the treatment combinations of the designed experiment. 
Commonly known statistical methods can be applied to 
these data to determine which of the factors under exami- 
nation cause yield loss. 

[0068] FIG. 9A is a schematic first exemplary layout of a shorts/ 
open monitor structure according to the present inven- 
tion. In FIG. 9A, a physical nominally continuous conduc- 
tor 150A has a width "W" and is spaced a distance "S" 
from a set of physical conductor segments 165A each 
having a width "W." Distance "S" may be selected based on 
a size of the defects to be detected. Not all conductor 
segments 165A need be spaced the same distance "S" 
from nominally continuous conductor 150A. All conductor 
segments 165A are parallel to continuous conductor 
150A. In one example W" is the minimum groundrule 
linewidth "S" is the minimum groundrule space between 
lines for the interconnect level of continuous conductor 



150A and conductor segments 165A. Many other short/ 
open monitor layout are possible. 

[0069] FIG. 9B is a schematic second exemplary layout of a 

shorts/open monitor structure according to the present 
invention. In FIG. 9B, a nominally continuous serpentine 
conductor 150B has a width "W" and is spaced a distance 
"S" from a set of U-shaped physical conductor segments 
165B each having a width "W." In a middle portion of ser- 
pentine conductor 150B where there is no conductor seg- 
ment 165B, serpentine conductor 150B is spaced a dis- 
tance "S3" from itself. The interior distance of the arms of 
the "U" of each conductor segment 165B are spaced apart 
a distance "S2." In one example W" is the minimum 
groundrule linewidth, "S" is the minimum groundrule 
space between lines for the interconnect level of serpen- 
tine conductor 150B, conductor segments 165B and 
"S2"and "S3" are a larger than minimum spacing so as to 
make internal shorting of serpentine conductor 150B and 
conductor segmentsl65B and other internal wiring un- 
likely. Many other short/open monitor layout configura- 
tions are possible. 

[0070] N 0 te it is not necessary that the nominally continuous 
conductor be an integral unit, but could comprise seg- 



merits (at the same interconnect level as the conductor 
segments) joined together by conductor segments on a 
lower or higher interconnect level, similar to a via string, 
though open faults in the vias would be problematical. 

[0071] FIG. 10 is a cross-sectional of an exemplary via chain ac- 
cording to the present invention. In FIG. 10, a via chain 
structure 325A includes a set of lower level conductor 
segments 375, a set of upper level conductor segments 
380 connected by conductive vias 385. Conductive vias 
385 are arranged so that a serial electrically conductive 
path from first lower wire segment 375, through a first via 
385 into a first upper wire segment 380, through a sec- 
ond via into a second lower wire segment 375 etc. exists. 
Generally wire segments 375 and 380 and via 385 are 
formed in a dielectric material 390. 

[0072] FIG. 11 is a plan view of the FEOL levels of an integrated 
circuit chip illustrating a first method of integrating the 
present invention into an integrated circuit chip. In FIG. 11 
an integrated circuit chip 500 includes FEOL functional 
circuit elements 505 (such as transistors), an array of un- 
used (by functional circuits) programmable gates 510 and 
FEOL defect monitor circuit elements 515. FEOL defect 
monitor elements may include the FEOL portions of tran- 



sistors, gates (such as XOR gates), latches and other ele- 
ments such as multiplexers. 

[0073] FIG. 12 is a plan view of the FEOL levels of an integrated 

circuit chip illustrating a second method of integrating the 
present invention into an integrated circuit chip. In FIG. 12 
an integrated circuit chip 520 includes FEOL functional 
circuit elements 525 (such as transistors), an array of un- 
used (by functional circuits) programmable gates 530 and 
FEOL defect monitor circuit elements 535. FEOL defect 
monitor elements may include the FEOL portions of tran- 
sistors, gates (such as XOR gates), latches and other ele- 
ments such as multiplexers. 

[0074] FIG. 13 is a plan view of the BEOL levels of an integrated 
circuit chip illustrating a method of integrating the 
present invention into an integrated circuit chip. In FIG. 13 
an integrated circuit chip 540 includes BEOL functional 
wiring 545 for functional circuits, a set of BEOL conductive 
fill shapes 550 (placed to provide chemical-mechani- 
cal-polish process uniformity) and BEOL defect monitor 
circuit wires 555 as well as the wire portions of defect 
monitor structures. BEOL defect monitor circuit wiring 
may be formed from fill shapes, may be purposefully de- 
signed, or may be a combination of fill shapes and pur- 



posefully designed wires. 
[0075] Thus, the present invention provides improved defect 

monitoring circuits, defect monitoring strategies and de- 
fect monitoring circuits for detecting yield loss mecha- 
nisms. 

[0076] The description of the embodiments of the present inven- 
tion is given above for the understanding of the present 
invention. It will be understood that the invention is not 
limited to the particular embodiments described herein, 
but is capable of various modifications, rearrangements 
and substitutions as will now become apparent to those 
skilled in the art without departing from the scope of the 
invention. Therefore, it is intended that the following 
claims cover all such modifications and changes as fall 
within the true spirit and scope of the invention. 



